The potential energy curves, permanent and transition dipole moments, and the static dipolar polarizability, of molecular ions composed of one alkali-metal atom and a Strontium ion are determined with a quantum chemistry approach. The molecular ions are treated as effective twoelectron systems and are treated using effective core potentials including core polarization, large gaussian basis sets, and full configuration interaction. In the perspective of upcoming experiments aiming at merging cold atom and cold ion traps, possible paths for radiative charge exchange, photoassociation of a cold Lithium or Rubidium atom and a Strontium ion are discussed, as well as the formation of stable molecular ions.
For such studies, the prerequisite step is obviously the formation of a cold and trapped sample of the desired species of molecular ions which would be sympathetically cooled by laser-cooled and trapped atomic ions. It is now established that excited ions in the trap and surrounding molecular species introduced on purpose easily react together to produce molecular ions, as demonstrated for the first time in Ref. [45] [50] , just like routinely done with cold atoms [2, 51, 52] .
Charge exchange between the neutral and ionic atomic species should also be considered, as explored in the Na-Ca + system [50, 53] .
The main drawback for accurate theoretical modeling of these formation mechanisms often arises from the poor knowledge of the molecular structure of such mixed species beyond their electronic ground state. As mentioned in our previous work [54] (hereafter referred to as paper I), this is particularly true for the diatomic systems, either neutral or charged, formed from an alkali-metal atom and Strontium. The Strontium ion is indeed an attractive system for trapping and laser-cooling experiments (see for instance Refs. [55, 56] ). Following paper I, the present work is devoted to the theoretical determination of the electronic structure of (A-87 Sr) + ions (where A= 6 Li, 23 Na, 39 K, 85 Rb, 133 Cs) using the method briefly recalled in Section II. Results for potential energy curves and permanent and transition dipole moments are given in Section III and IV respectively. In Section V we explore the possibility to create cold (A-Sr) + ions via photoassociation followed by spontaneous decay, and the expected reactivity of these ions with surrounding cold neutral atoms. Atomic units for distances
(1 a.u.= a0 = 0.052 917 720 859 nm), energies (1 a.u.= 2R ∞ = 219474.63137054 cm −1 ), and dipole moment (1 a.u. =2.541 58 Debye) will be used throughout the paper, except otherwise stated.
II. COMPUTATIONAL APPROACH
The present calculations actually represent an intermediate step of those performed in paper I for neutral A-Sr molecules, which were modeled as effective three-electron systems.
The A-Sr + ion has two valence electrons, and its electronic structure is, at least in terms of values of quantum numbers, similar to the one of alkali dimers. Therefore we describe the A-Sr + ion as an effective two-electron system following the same steps than in paper I and in Ref. [57] , which are briefly recalled below.
Each of the closed-shell ionic cores A + and Sr 2+ are represented by an effective core potential (ECP) from Durand and Barthelat [58, 59] and Fuentealba et al. [60, 61] respectively, completed by the core-polarization potential (CPP) depending on the angular momentum ℓ of the valence electron, along the lines of ref. [62] and revisited by Guérout et al. [63] .
The valence electron wave functions are expanded on a Gaussian orbitals centered at each ionic core. The molecular orbitals are determined by restricted Hartree-Fock single electron calculations, including the CPP term yielding the potential curves for the relevant molecular double-charged cations. Then a full configuration interaction (FCI) is performed for each relevant molecular symmetry, providing potential curves, and permanent and transition dipole moments. The calculations are performed through an automatic procedure [57] based on the the CIPSI package (Configuration Interaction by Perturbation of a multiconfiguration wave function Selected Iteratively) [64] . As mentioned in paper I we use for the Sr + ion a large uncontracted basis set {7s6p7d} derived from the {5s5p6d1f } used in Ref.
[65], and {8s7p4d}, {7s6p5d}, {7s5p7d}, {7s4p5d}, and {7s4p5d} uncontracted basis sets for Li, Na, K, Rb, and Cs, respectively. All exponents of the Gaussian orbitals, as well as the cut-off radii and the core polarizabilities [66, 67] appearing in the CPP term for the alkali species, were already reported in paper I and are not repeated here. The cut-off radii for the Sr 2+ CPP related to the {7s6p7d} basis set are slightly adjusted compared to paper I, i.e. ρ s = 2.13035, ρ s = 2.183, ρ s = 1.70616, in atomic units. The quality of the basis sets is settled through several criteria. First of all, the cut-off radii are adjusted to reproduce the experimental energy of the lowest levels of the alkali atoms and and of the Sr + ion (see Table   3 in paper I). Next, as the lowest dissociation limit of the A-Sr + ions is A + +Sr, the lowest energy level of the -effective two-electron-Sr atom calculated by the FCI above should be well reproduced. As shown in paper I, the present basis set is quite efficient in this respect, In addition, the quality of the electronic wave functions of the Sr + ion can be checked against the calculated static dipole polarizability, which has been studied theoretically for several energy levels in various contexts: the broadening of spectral lines due to collisions with hydrogen atoms [69] , the long-range interaction between the Sr + ion and various atomic species [70, 71] , or the search for stable and reproducible atomic frequency standards based on the 5s − 4d 5/2 clock transition in 88 Sr + [72] [73] [74] . All these calculations are based on the summation over oscillator strengths at various levels of approximations, namely including transitions towards the continuum [70, 71] or not [69, 73, 74] . Here we use the finite field method [75] for the contribution of the valence electron, as in Ref. [76] and in our previous work on alkali atoms [77] . More precisely we calculated the energies of the 2ℓ+1 components of an atomic state with angular momentum ℓ in the presence of an electric field varying from 0.002 to 0.004 a.u., and extracted the polarizability from the quadratic dependence of the averaged values against the electric field magnitude. Finally we add the contribution of the Sr 2+ core (5.67 a.u after Ref. [66] ), as pointed out in Ref. [78] . Our results are reported in Table I for the 5s, 4d, 6s, 5d, and 5p levels. Our values for the 5s and 4d states agree well with all other values except the oldest one of Ref. [76] , and are in reasonable agreement with the most recent ones of Ref. [71] for the excited p and s levels. The underestimation visible in our calculations for the d levels could be due to the absence of f orbitals in our basis sets.
We calculated with the same approach the polarizability of Sr in its ground state (Table   I) of the asymptotic limits as displayed in paper I. Let us note that no other results for these systems have been previously published. The corresponding numerical data are provided as additional material accompanying the paper.
For all ions, the ground state X 1 Σ + of the system correlates at large distances to a ground-state neutral Sr atom and a closed-shell alkali-metal ion. The ordering of the well depths is the same than with neutral A-Sr molecules [54] : the deepest wells are by far the Despite this similarity with the lowest electronic states of ground state alkali-metal pairs, the situation is here strikingly different: the lowest triplet state (1 [39] . The PDM is here calculated in the body-fixed frame with respect to the origin placed at the center-of-mass of the molecule, and is therefore characterized by a linear divergence at large internuclear distances expressing the increasing distance between the negative and positive center-of-charge. Our results are reported in Fig.7 for these two electronic states and for all A-Sr + species, confirming this pattern. The molecular axis is oriented along the Sr + -A direction, so that the positive sign of the ground state PDM indicates an excess of electron charge on the alkali-metal atom, which is less pronounced as its mass increases. This is compatible with the decrease of the electron affinity of alkalimetal species with their increasing mass. The PDM is almost linear in the region of the minimum of the ground state, so that radiative transitions among vibrational levels levels should be possible. Its magnitude is also significant, so that rotational transitions should be observed. In contrast the sign of the triplet PDM, while mostly positive, cannot be easily interpreted over the whole distance range. Note that its dissociation limit is different from the ground state one, so that its divergence at large distances is different. Its magnitude is almost constant (and even close to zero for CsSr + ), which therefore is probably not a good candidate for cooling of internal degrees of freedom. As a complement to the description Fig.2 . Note that curves of ∆ symmetry are not drawn for clarity sake.
of the properties of the A-Sr + molecules, we computed their static dipole polarizabilities (SDP), which will be relevant for instance when considering the long-range interaction with surrounding cold neutral alkali-metal atoms in a merged cold ion/atom trap experiment.
As pointed out in Ref. [78] , the SDP includes a core contribution (5.67 a.u. here, see Table   II of paper I) in addition to the valence contribution, the latter being evaluated using the finite field method [75] . Both parallel α (along the internuclear axis), and perpendicular α ⊥ components (see Fig.8 ) exhibit an R-variation similar to the one obtained for alkali dimers [77] , alkali hydrides [86] , for MgH + [87] , or for the hydrogen molecule [88] . In all these systems, α has a maximum at a distance larger than the equilibrium distance R e of the system, while α ⊥ always has a smaller magnitude than α , and monotonically increases towards the asymptotic limit. Around the equilibrium distance, α ranges between 200 and 250 a.u., and α ⊥ between 120 and 150 a.u.. As for the well depth the maximum of α increases as the mass of the A-Sr + molecule decreases. At large distances, both components converge The most obvious one is when the TDM function connects two molecular states which dissociate towards atomic states connected by a resonant transition, as for the (1) Rb(5s)+Sr + (5s) 
, and (1) both species represented in 9b and 10b, the TDM functions for the (1) Cs(6s)+Sr + (5s) 20a.u., it is most probable that the RCE process during a cold collision between ground state alkali-metal atom A and Sr + will be weak as the TDM rapidly vanishes with R. This is actually the trend already reported in Ref. [53] for Na-Ca + collisions. However, as it is possible to trap clouds of laser-cooled Sr + ions for hours, it may be possible to observe the Transition dipole moment (au) Table II. mechanism is predicted for the formation of metastable (1 Cs, respectively). This will induce additional couplings between molecular states of various symmetries. For instance, the spin-orbit interaction will strongly mix the (2) 1 Π and the (3) 3 Σ + , probably leading to strong predissociation channels with charge exchange into the 
Rb
+ +Sr( 3 P, 3 D) outgoing channels. A detailed description would require further quantum chemistry calculations which are beyond the scope of the present paper.
Once ASr + ions are formed, the important issue of their stability against charge exchange with the surrounding cold alkali-metal atoms is raised, just like in the proposal of Ref. [90] looking at possible sympathetic cooling of molecular ions by laser-cooled atoms.
In our case, the ionization potential (IP) of alkali-metal atoms should be larger than the 
